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Objective: To assess whether high frequency oscillations (HFOs, >150 Hz), known to occur in basal ganglia nuclei, can be observed in the thalamus. Methods: We recorded intraoperative local field potentials from the ventral intermediate nucleus (VIM) of the thalamus in patients with Essential Tremor (N = 16), Parkinsonian Tremor (3), Holmes Tremor (2) and Dystonic Tremor (1) during implantation of electrodes for deep brain stimulation. Recordings were performed with up to five micro/macro-electrodes that were simultaneously advanced to the stereotactic target. Results: Thalamic HFOs occurred in all investigated tremor syndromes. A detailed analysis of the Essential Tremor subgroup revealed that medial channels recorded HFOs more frequently than other channels. The highest peaks were observed 4 mm above target. Macro-but not microelectrode recordings were dominated by peaks in the slow HFO band (150-300 Hz), which were stable across several depths and channels. Conclusion: HFOs occur in the thalamus and are not specific to any of the tremors investigated. Their spatial distribution is not homogeneous, and their appearance depends on the type of electrode used for recording. Significance: The occurrence of HFOs in the thalamus of tremor patients indicates that HFOs are not part of basal ganglia pathophysiology.
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Introduction
Abnormal oscillatory activity in the basal ganglia plays a pivotal role in the pathophysiology of movement disorders. In particular, an increase of beta activity (15-30 Hz) in the subthalamic nucleus (STN) has been suggested to underlie slowing of movement in Parkinson's disease (PD) (Kühn et al., 2009; Ray et al., 2008) . Beta oscillations are modulated by dopaminergic medication (Brown et al., 2001; Levy et al., 2002; Priori et al., 2004) and voluntary movement (Cassidy et al., 2002; Levy et al., 2002) . Recently, high frequency oscillations (HFOs, >150 Hz) in STN and globus pallidus internus (GPi) were shown to couple with the phase of beta activity (Connolly et al., 2015; López-Azcárate et al., 2010; Özkurt et al., 2011; Yang et al., 2014) . Two distinct bands of HFOs have been identified: slow HFOs (sHFOs) in the range of 200-300 Hz and fast HFOs (fHFOs; >300 Hz). Administration of levodopa led to a shift of HFO-power from sHFOs to fHFOs in the STN, and the power ratio of those two bands was found to be correlated with motor symptoms (Özkurt et al., 2011) . Furthermore, recent studies in PD patients revealed tremor-related changes in the subthalamic HFO power ratio (Hirschmann et al., 2016 (Hirschmann et al., , 2017 .
